The classical unified model is challenged by the presence of various kinds of Seyfert 2 galaxies. We assemble a sample composed of 243 nearby Seyfert galaxies with redshifts z ≤ 0.05 to test the unification scheme. The sample contains 94 broad line Seyfert 1s (BLS1s), 44 narrow line Seyfert 1s (NLS1s), 36 X-ray absorbed hidden broad line region (BLR) Seyfert 2s (HBLR S2s), 42 X-ray absorbed non-hidden BLR Seyfert 2s (non-HBLR S2s) and 27 X-ray unabsorbed Seyfert 2s (unabsorbed non-HBLR S2s and HBLR S2s). We examine the black hole mass and accretion rate distributions in the sample. We find that: 1) NLS1s have less massive black hole masses than BLS1s; 2) HBLRS2s have the same mass distribution of the black holes with BLS1s; 3) the absorbed non-HBLR S2s have less massive black holes than HBLR S2s; 4) unabsorbed non-HBLR S2s have the most massive black holes. We thus have a queue of black hole masses from small to large: narrow to broad line Seyfert galaxies, providing new evidence for the evolutionary sequence of Seyfert galaxies. We find that the opening angles of the torus in NLS1s and absorbed non-HBLR S2s are significantly smaller than that in BLS1s and HBLR S2s. The growth of the black holes and increases of the opening angles of the tori determine the various appearances of Seyfert galaxies. We also find that the unabsorbed Seyfert 2 galaxies could be caused by low gas-to-dust ratios in the present sample. This indicates that the star formation histories could be different in the unabsorbed from in absorbed Seyfert 2 galaxies, showing evidence for suppressed star formation by black hole activities. We outline a new unification scheme based on the orientation hypothesis: Seyfert galaxies can be unified by including growth of black holes, Eddington ratios, changing opening angles of tori and gas-to-dust ratios in the tori. Seyfert galaxies are tending to finally evolve to unabsorbed non-HBLR Seyfert 2 galaxies, in which the black holes are accreting with low accretion rates and both the broad line region and dusty torus disappear.
INTRODUCTION
Seyfert galaxies have received much attention during the last several decades from radio to hard X-rays. They were simply divided into two classes: Seyfert 1 and 2 with and without Balmer broad emission lines, respectively. This classification can be physically explained by obscuration of a dusty torus with different orientation with respect to observers based on a spectropolarimetric observation of NGC 1068 (Antonucci & Miller 1985) . Such a straw person model (SPM) of the unification scheme, is able to explain the main different characters of the two kind Seyfert galaxies (see a review of Antonucci 1993) . The orientation-based unification scheme then becomes popular, but it also receives confronted evidence with more sophisticated observations. It has been suggested that there are several kinds of Seyfert 2 nuclei according to their diversities of properties of emission lines and multiwave continuum behaviors, which are needed more physical parameters beside the orientation (Tran 1995 (Tran , 2001 (Tran , 2003 . This indeed constitutes serious challenges to the traditional model of unification scheme.
We list all known types of Seyfert galaxies in Table 1 for their abbreviations and properties. There is increasing evidence for that only orientation is not able to unify the Seyfert galaxies with the presence of diversities of multiwave properties. Fig.  1 outlines possible relations among them. Seyfert 2 galaxies show much more complicate properties, such as contradictory properties in optical band and X-rays, and transition from type II to type I etc., but also NLS1s appear as a special group, containing less massive black holes and having higher Eddington ratios (Boller et al. 1996; ; Mineshige et al. 2000; Wang & Netzer 2003) . It is generally believed that BLS1s are the counterparts of absorbed HBLR S2s in light of the traditional unification scheme, but their central engines have not been tested so far. Zhang & Wang (2006, hereafter ZW06) suggest that the absorbed non-HBLR S2s could be counterparts of NLS1s, but viewed at high orientation and only contain a "narrower" broad line region. Williams et al. (2002) reported an optically-selected NLS1 sample from SDSS that the black holes may have lower accretion rates, but still close to the Eddington limit. It could be plausible that the optically-selected NLS1s just have increasing accretion rates and appear with a relatively flat spectrum in soft X-ray band. Both NLS1s and absorbed non-HBLR S2s have less massive black holes and relatively high accretion rates in the suggested scenario of the present paper. Tran (2003) recently showed that HBLR S2s are intrinsically more powerful than non-HBLR S2s from a large spectropolarimetric study of Seyfert 2 galaxies. X-ray observations show the presence of two kinds of Seyfert 2 galaxies: weakly and strongly absorbed Seyfert 2s. What are relations among absorbed/unabsorbed HBLR S2s and non-HBLR Seyfert 2s? Except for orientation, physical parameters, such as the opening angle (or clumpness), black hole mass and accretion rate, geometry and composition of the torus are expected to play an important role in the unification of the Seyfert zoo.
The geometry and structure of torus remain a matter of controversy. The torus could be clumpy or mixed with star formation region (Elitzur 2005 ) and the reflecting mirror of the BLR has complicate structure and ingredients (hot electrons and various size of dust grains) (Smith et al. 2005 ). This allows appearances of various kinds of Seyfert 2 galaxies (see Tab 1 Table 1 . The absorbed HBLR S2s and BLS1s can be unified by obscuration of a dusty torus (Antonucci & Miller 1985) whereas the absorbed non-HBLR S2s and NLS1s can be done in the same way . Orientations and opening angles of the dusty tori play key roles in unifications of the absorbed non-HLBR S2s and NLS1s, HBLR S2s and BLS1s, but the growth of the black holes, the accretion rates and gas-to-dust ratios should be included for the unification scheme of Seyfert galaxies. This plot can be converted into an evolutionary sequence of Seyfert galaxies (see Figure 17 ). Gallo et al. 2006, hereafter G06) . A fast transition within 6 weeks from Compton-thick to Compton-thin in a Seyfert 1.8 galaxy NGC 1365 implies that there are random motions of dusty clouds inside the torus (Risaliti et al. 2005) . Infrared detection of dusty cloud distribution shows clear structure in 20-50pc around the central engine in NGC 1068 (Tomono et al. 2006) . Whether the dusty torus can be described in a unified form is still open.
On the other hand, the opening angle of the dusty torus is an important ingredient in the unification scheme. There is a strong evidence for an evolution of the opening angle of the torus with hard X-ray luminosity, displaying a receding torus (Hasinger 2004; Steffen et al. 2004; Barger et al. 2005) . Hard X-ray surveys by Chandra and ASCA have revealed that the ratio (R) of type II to I AGNs is decreasing with the hard X-ray luminosity (L HX ) (Ueda et al. 2003; Steffen et al. 2003; Hasinger 2004 ). This result has been confirmed by Hubble Space Telescope identifications of the narrow emission lines (Barger et al. 2005 ). This strongly indicates that the opening angle of the dusty torus is changing rather than a constant. show that the covering factor C of the torus, estimated by the ratio of infrared to optical-UV luminosity, also decreases with the hard X-ray luminosity in PG quasars and the C −L HX relation is consistent with R−L HX . This directly provides obvious evidence for the consistencies among the obscuring material of BLR, reprocessing and absorbing material of X-rays. The appearance of type II AGNs is not only due to the orientation of the dusty torus, but also strongly depends on its opening angle. Clearly, the unification scheme should include the evolution of the opening angle of the torus.
The composition of the torus also makes the appearance of Seyfert galaxies complicate. The X-ray weak absorption in an optically-defined Seyfert 2 galaxies indicates there is low absorption material along observer's line. Panessa & Bassani (2002, hereafter PB02 ) assembled a sample composed of 17 unabsorbed Seyfert 2 galaxies with low X-ray absorption and suggested that the black holes in unabsorbed S2s have very low accretion rates since most of objects in this sample have relatively low optical luminosity. Seyfert 2 galaxies could be "true" Seyfert 2 objects due to the absence of a broad line region provided the black holes have accretion rate lower than a critical one (Laor 2003; Nicastro et al. 2003) . On the other hand, G06 find about 50% ROSAT-selected AGNs are Seyfert 2 galaxies and Wolter et al. (2005) find three type II quasars only have low absorption, but their optical properties are not abnormal. The gas-to-dust ratio (Q) could be an important parameter in determining the X-ray properties of an optically-defined Seyfert 2 galaxy (Maiolino et al. 2001a,b; Boller et al. 2003; Galo et al. 2006) . It seems to us that there are, at least, two kinds of unabsorbed Seyfert 2 galaxies. PB02 and G06 samples likely represent the two kinds, which are low and normal optical luminosity AGNs, respectively. Additionally, optically-defined Seyfert 2 galaxies, F 01475-0740 and NGC 2992 in Table 5 , show polarized broad lines, but they have low absorption in X-rays (i.e. showing type I property). This indeed shows they have hidden broad line region, but why do they show type I properties in Xrays? The unabsorbed type II quasars are found to have black holes with mass > 10 10 M ⊙ and low Eddington ratios (Wolter et al. 2005) . These evidence shows not only the Eddington ratio, but also the gas-to-dust ratio might play a key role in the appearance of Seyfert 2 galaxies. Star formation/burst inside the torus (Collin et al. 1999 ) definitely produces amount of dust, does the gas-to-dust ratio determine the complicate appearance? and are the histories of the star formation rates different in the unabsorbed from the absorbed Seyfert 2 galaxies?
The growth of the black holes is very significant during the activity cycle . For a black hole with a mass of 5 × 10 6 M ⊙ , it will grow up to ∼ 5 × 10 7 M ⊙ within one fourth of the Salpeter time (see §6.3) if the black hole accretes at the Eddington limit. For NLS1s and absorbed non-HBLR S2s, the growth timescale of the black holes is much shorter than one fourth of Salpeter time if they have super-Eddington rates (Kawaguchi et al. 2004) . With the BH growth, a narrow line Seyfert galaxy becomes broad line one if it still has high enough accretion rates. It can thus not be avoided to include the black hole growth in the unification scheme. An obvious connection comes out reasonably: the inevitable growth of black holes due to accretion is driving evolution of less massive black holes into broad line Seyfert galaxies.
The increasing evidence strongly suggests that the canonic unification scheme should be improved by supplementing three possible ingredients: 1) black hole masses; 2) opening angles of tori; 3) gas-to-dust ratios in the tori. We outline a possible evolutionary and orientation connection for Seyfert galaxies in Figure 1 through issuing the following main questions:
1. Are there evolutionary sequences of the black hole masses and accretion rates among Seyfert galaxies?
2. Are there sequences of the opening angles from narrow to broad Seyfert galaxies? Figure 1 suggests the unabsorbed non-HBLR Seyfert 2 galaxies could be the final stage of all other types when the torus is going to be depleted and accretion rates are thus very low. If this scenario is correct, the phenomena of Seyfert galaxies could be understood profoundly.
The present paper is devoted to test this evolutionary idea outlined in Figure 1 . We give the sample in §2. In §3, we estimate the black hole masses and accretion rates of BLS1s and absorbed HBLR S2s. Unabsorbed Seyfert 2s are discussed in §4. We discuss starburst in circumnuclear regions in §5. We devote §6 to discuss the evolution of central engines of Seyfert galaxies. More extensive discussions are given in §7. Finally, we draw a conclusion that the orientation-based unification model should be improved by inclusion of the evolutions of the black holes, torus opening angles and gas-to-dust ratios. Seyfert galaxies will be unified within such a scenario.
SAMPLE AND DATA
For the main goals of the present paper, we have to define an homogeneous and complete Seyfert galaxy sample. However this is not an easy job because of diversities of their multiwavelength properties. There are several constraints on sample selection mainly arisen from: 1) polarization identifications of non-HBLR S2s; 2) absence of X-ray observations; 3) appearance frequencies of NLS1s survey in different bands. The classical Seyfert 1 galaxies are extensively well-studied, however, only some Seyfert 2 galaxies have been observed by spectropolarmetry since this is a time-consuming and tedious job (Tran 2003) . The strongest constraint on the present sample is due to non-HBLR S2s. We have searched all the papers related with Seyfert galaxy samples systematically studied and made a combined sample. Table 2 lists the references since 1985. Figure 2 . shows the redshift distributions are inhomogeneous in the all objects taken from the references listed in Table 2 . We find most of non-HBLR S2s are limited within z ≤ 0.05. We thus limits the present sample within z ≤ 0.05 to avoid the luminosity-biased effects, but this does not mean the combined sample is volume limited in the present paper. Hao et al. (2005) al's sample. A relatively complete sample is 12µm sample for nuclei brighter than 12µ luminosity L 12µ = 10 42 erg s −1 with a mean V /V max ≈ 0.46 . However, this is a near IR-selected sample, in which NLS1's fraction is much smaller than that in ROSAT-sample (Grupe et al. 1998) . We collect all NLS1s from the literatures, which are mainly from Boller et al. (1996) , Grupe et al. (1998) , Veron-Cetty et al. (2001) , Stepain et al. (2003) and Williams et al. (2002) . With the redshift limit, ZW06 gave the NLS1 and absorbed non-HBLR S2 sample in their Table 2 and 3. BLS1s are mainly from Marziani et al. (1998) etc. and HBLR S2s from Maiolino & Rieke (1995) . Tables 3 and 4 give BLS1s and absorbed HBLR S2s, respectively. The weakly absorbed or unabsorbed S2s are mainly from Panessa & Bassani (2002) and Gallo et al. (2006) and given in Table 5 . The unabsorbed Seyfert 2s are divided into two sub-classes: unabsorbed non-HBLR Seyfert 2 and HBLR Seyfert 2 galaxies. Therefore our sample covers: 1) BLS1s; 2) NLS1s; 3) X-ray absorbed HBLR S2s; 4) X-ray absorbed non-HBLR S2s; 5) X-ray unabsorbed HBLR S2s; 6) X-ray unabsorbed non-HBLR S2s. We cover six kinds of Seyfert galaxies in this paper, but we realize that there could be a possibility dividing X-ray unabsorbed non-HBLR S2s into two subclasses A and B, given in Table 1 , which have different orders of black hole masses. Only 7 unabsorbed Seyfert 2 galaxies in Table 5 have been observed by spectropolarimetric observations, it is hard to judge whether they have hidden BLR or not without observations. However we could distinct them according to the theory recently developed 1 . There is a critical value of the Eddington ratio 10 −3 based on bolometric luminosity L Bol = 10L 2−10keV (Nicastro et al. 2003; Laor 2003) , below which there is no hidden BLR (Nicastro et al. 2003) . However, Panessa et al. (2006) used L Bol = 30L 2−10keV to estimate the bolometric luminosity since L Bol = 10L 2−10keV is underestimated. We thus takeṁ c1 = 10 −2.5 as the critical Eddington ratio to distinguish unabsorbed HBLR and non-HBLR Seyfert 2 galaxies. When the Eddington ratio is high enough (ṁ c2 ≥ 0.2 − 3), the broad line also disappears since the transition region from gas-pressure dominated to radiation pressure dominated moves outward (Nicastro 2000) . We use the two criteria to classify the unabsorbed Seyfert 2 galaxies into non-HBLR and HBLR Seyfert 2 galaxies in Table 5 . Finally we have total of 243 Seyfert galaxies including 94 BLS1s, 44 NLS1s, 36 HBLR S2s, 42 absorbed non-HBLR S2s and 27 unabsorbed Seyfert 2s.
We compare the fractions of each kinds of Seyfert galaxies with 12µm sample (Rush et al. 1998 ) and 12µ+CfA sample (Tran 2003) to display the completeness and homogeneity of the present large sample. Table 6 gives the comparisons. NLS1s are relatively poor objects in 12µm sample and Tran (2003) sample whereas our sample covers more NLS1s because of including ROSAT X-ray survey results. The fractions of other sub-class Seyfert galaxies in our sample are just between the 12µm and Tran (2003) sample as shown in Table  6 . The present sample is close to the homogeneity and completeness of and Tran (2003) . We stress here that the completeness of the low luminosity AGNs in the present sample is unknown, but the completeness of this sample should be good enough compared with 12µ sample (brighter than L 12µ > 10 42 erg s −1 ). We always compare the distributions of black hole masses and accretion rates in the present sample with 12µ sample if possible. We pay much cautions when we draw conclusions related with them. Though the data are from different authors and instruments, the qualities of the welldefined observables, for example, the FWHM of Hβ, [O III] and continuum do not rely on the instruments much. Hence the statistical properties of Seyfert galaxies in this sample should be reliable. We adopt the following cosmological constant H 0 = 75 km s −1 Mpc −1 , Ω Λ = 0.7 and Ω M = 0.3 throughout the paper.
BLS1S AND ABSORBED HIDDEN BLR S2S
It has been realized that the width of hydrogen lines is dependent on the black hole masses and accretion rates (Laor 2003; Nicastro et al. 2003) . The basic idea of the unified model is that the central engines are same, but oriented at different viewing angles (Antonucci 1993) . If the orientation-based unified model works, the black hole masses and accretion rates should be similar or same in BLS1s and HBLR S2s. We first investigate this issue for the cases of BLS1s and HBLR S2s.
Black hole mass
There are several independent methods to estimate the black hole masses in type I AGNs, but we use 1) the values of black hole masses from the reverberation mapping if the objects have been measured (Kaspi et al. 2000; Peterson et al. 2004) ; 2) the empirical relation to estimate the black hole mass (Vestergaard et al. 2002 , Kaspi et al. 2005 (Tremaine et al. 2002) , where σ is the stellar velocity dispersion. It is suggested to replace σ by FWHM([O III])/2.35 (Nelson & Whittle 1995; Boroson 2003; Shields et al. 2003; Greene & Ho 2005 ). This relation is based on evidence that the [O III] line width in AGNs is dominated by the gravitational potential on the scale of the host galaxy bulge (Nelson & Whittle 1996; Nelson 2000) . We use the empirical reverberation relation (Vestgaard 2002) for Seyfert galaxies,
L 5100 10 44 erg s −1
and the black hole mass can be obtained from
where we use v = √ 3/2 FWHM(Hβ), L 5100 is the luminosity at 5100Å and R BLR is the BLR size. However, for Seyfert 2 galaxies, the empirical reverberation relation is not available since the optical continuum and broad emission lines are strongly absorbed by the dusty torus. For HBLR S2s and absorbed non-HBLR S2s, we use σ = FWHM([O III])/2.35/1.34 (Greene & Ho 2005 ) to obtain the black hole mass from the M BH − σ relation (Tremaine et al. 2002) . For some unabsorbed non-HBLR S2s, the [O III] luminosity is too faint to estimate BH mass from FWHM ([O III] ). Then we search the dispersion velocity of the galaxies from published literatures or Lyon-Meudon Extragalactic Data Archive (LEDA), and estimate the masses of non-HBLR S2s by the M BH − σ relation. Figure 3 shows distributions of black hole masses in BLS1s and HBLR S2s. First the distributions in the present sample are quite similar to that in the 12µm sample. This indicates the homogeneity and completeness of the present sample are similar to the 12µm sample, again. Second, the BH mass distributions obtained from [O III] To further test the black hole masses in Seyfert galaxies, we calculate the bulge luminosity from Hubble stage T and the total magnitudes (M tot ) (Simien & de Vaucouleurs 1986) 
where τ = T + 5. The distributions of bulge magnitudes are shown in Figure 4 for the present sample. We find that magnitude distributions of their bulges are very similar at a level of p null = 11.6% and both of them are similar to 12µm sample. The average bulge magnitudes are M Bulge = −19.42 and M Bulge = −18.97 for BLS1s and HBLR S2s, respectively. The mean values of black holes masses are ∼ 10 7 M ⊙ for BLS1s and HBLR S2s. We note that there is difference at the bright side of bulge luminosity distribution. Except for the luminosity brighter than -20.5, the similarity is at a level of 15%. This result clearly indicates that the black hole masses in BLS1s and HBLR S2s should be similar based on the M BH − M Bulge relation (McLure & Dunlop 2001; Häring & Rix 2004) .
The similarities of the black hole mass distributions strongly favor the unification scheme. Being one of the main parameters of the central engines, M BH potentially indicates the evolutionary phase of the galaxies if the relation holds between the black holes and their host bulges. As we show below the accretion rates are also similar. This enhances the unification scheme based on orientation.
There are some uncertainties of the above estimations of the black hole masses. For the BLS1s, the empirical reverberation relation gives an uncertainty of 0.5 dex (Vestergaard 2002) . The M BH − σ relation has an intrinsic dispersion in M BH that is about ∼ 0.3dex (Tremaine et al. 2002) . The [O III] width can predict the black hole mass with a scatter of a factor 5 (Boroson 2003) . For the present HBLR S2 sample, we take the uncertainties to be 0.7dex. With these uncertainties, we draw a conclusion that the BH mass distributions are similar in BLS1s and HBLR S2s for the present sample.
Accretion rates

The Eddington ratios
The accretion rates in these Seyfert galaxies can be estimated based on: 1) continuum of Seyfert 1 galaxies; 2) the [O III] luminosities. For Seyfert 1 galaxies, we take the popular formula,
where C B is the correction factor of the bolometric luminosity, C B = 9 (Kaspi et al. 2000) , or C B = 5 (Netzer 2003) . We use C B = 9 in this paper. Since Seyfert 2 galaxies are basically obscured by the dusty tori, the only way to estimate the bolometric luminosity is from [O III] luminosity. Since the obscuration of the host galaxies or extinction of the narrow line region, we have to correct [O III] 
for both Seyfert 1 and 2s (Heckman et al. 2004 ), where L [OIII] is the corrected [O III] luminosity. This relation is based on the assumptions that the [O III] line is isotropically photoionized by the central engine and the covering factor of the narrow line region is a constant. The corrected luminosities are given in Table 3 -5. With some uncertainties, it is a good indicator of ionizing sources in the first approximation. 41.67 erg s −1 for BLS1s and HBLR S2s, respectively. The bolometric luminosities are thus similar in BLS1s and HBLR S2s. If the black holes in the two kinds of Seyfert galaxies have the same radiative efficiency (η = 0.1), the accretion ratesṀ = L Bol /ηc 2 should be same. The importance of the Eddington ratio of the central engines has been extensively realized, for example, it has influence on the hot corona of accretion disks , metallicity ) and C IV line emission (Baskin & Laor 2005) . With the bolometric luminosity, we can easily get the Eddington ratio
where L Edd = 1.4 × 10 38 M BH /M ⊙ erg s −1 . Fig. 6 shows the Eddington ratio distributions. We find that there is a fraction of objects with super-Eddington accretion. This is caused by the low mass tail of the black holes arisen from the underestimation of the black hole mass. However we find the Eddington ratios from [O III] method are similar in BLS1s and HBLR S2s at a level of 9.7%. The mean Eddington ratios are log E = −0.29 ± 0.09 and −0.49 ± 0.14 for BLS1s and absorbed HBLR S1s, respectively, having sub-Eddington accretion. These results imply that the standard accretion disks are powering the central engines in BLS1s and HBLR S2s.
FIG. 6.-The distribution of the Eddington ratios of black holes in BLS1s and hidden broad line Seyfert 2 galaxies. We find that the Eddington ratios in both BLS1s and HBL S2s are similar to that in 12µm sample.
Hard X-ray Spectrum
Hard X-ray spectrum is a good indicator of the Eddington ratio in black hole accretion disks Shemmer et al. 2006) . This allows us to estimate the Eddington ratios in HBLR S2s since there is less absorption in 2-10keV. The physical reason for this correlation is: the seed photons can efficiently cool the hot electrons via Comptonization, steppening the hard X-ray spectrum ). The larger the Eddington ratio, the steeper hard X-ray spectrum. The Seyfert galaxy sample shows that the 2-10keV indies are Γ = 1.51 ± 0.09 with a dispersion 0.24 for HBLR 2s and Γ = 1.76 ± 0.03 with a dispersion 0.5 for Seyfert 1s. The large scatter of Γ distribution in Seyfert 2 galaxies is caused by the fact that there is strong absorption in soft band, leading to the spectrum flatten. Though the mean value of Γ is different from Seyfert 1 galaxies, the peak value is same. This implies that the Eddington ratio may be of same values in most BLS1s and HBLR S2s. This reflects that the Eddington ratios have same range in Seyfert 1 and HBLR Seyfert 2 galaxies, indicating the same accretion rates in BLS1s and HBLR S2s.
The multiwavelength properties
Tran (2003) gave a detailed comparison between BLS1s and HBLR S2s, showing that indeed they have similar properties from radio to X-rays. Since the present study is not an extension of Tran (2003), we do not compare the multiwavelength properties for the present sample. Future multiwavelength study of entire kinds of Seyfert galaxies is needed to get the global properties. We believe that they will share the same properties. As a summary, the comparison of central engines is given in Table  7 for BLS1s and HBLR S2s. We would like to draw a conclusion that BLS1s and HBLR S2s have intrinsically same central engines: same black hole masses and accretion rates, which supports the orientation-based unification.
FIG. 7.-The distribution of the hard X-ray spectral index Γ. The peak values of the index Γ are same in BLS1s and HBLR S2s. This indicates that the Eddington ratios could be similar. We note that the soft tail might be caused by the absorption of soft X-rays by torus. Figure 1 gives three kinds of unabsorbed Seyfert 2 galaxies, which are characterized by low or absent absorption in Xrays, and the black hole mass, respectively, but they have polarized broad lines (unabsorbed HBLR S2s), or no polarized broad lines (unabsorbed non-HBLR S2s). These Seyfert 2 galaxies, especially the unabsorbed non-HBLR S2s, are different from those absorbed HBLR S2s. Figure 8 displays the N H distribution in Seyfert 2 galaxies. The definition of unabsorption is the hydrogen column density less than 10 22 cm −2 (PB02), which corresponds to a Thomson scattering depth of 10 −2 . Actually this is not a strict definition 3 , but it indicates that the absorption is very weak.
UNABSORBED SEYFERT 2 GALAXIES
The group of unabsorbed Seyfert 2 galaxies is not a minority. Mainieri et al. (2002) found that nearly 30% Seyfert 2 galaxies show N H < 10 22 cm −2 , also suggested by PB02. Five out of 28 (∼ 17.8%) optically defined type II AGNs exhibited low levels of absorption in the deep XMM-Newton observations of the Lockman Hole (Mateos et al. 2005) . In the present sample, unabsorbed Seyfert 2 galaxies occupy about 25.7%. Optically-defined Seyfert 2 galaxies show very weak absorption along the line of observer's sight, which are exceptional in the orientation-based unification scheme. Table 5 gives the samples of the unabsorbed Seyfert 2 galaxies. We divided them into two types according to whether they show polarized broad lines. However most of them have not been observed by spectropolarimetry. As we stated in the Section 2, we use Nicastro's criterion to classify them. The first ones are those with brighter X-rays, such as the objects in G06. They are usually at the same level of Seyfert 1s in X-ray band Cappi et al. 2006 Figure 9 shows the black hole mass distribution in unabsorbed non-HBLR S2s. We find it has a wide distribution with a low mass tail (≤ 10 7 M ⊙ ). This tail consists of three objects: NGC 1058, NGC 2685 and NGC 3486, especially NGC 1058 and NGC 3486, which have σ ∼ 60km s −1 and bulge magnitude M bulge ∼ −15. Both of them have a very low 2-10 keV luminosity of ≤ 10 39.6 erg s −1 ) and low [O III] luminosity. They are "dwarf Seyfert nuclei" since their Hα luminosity is fainter than 10 40 erg s −1 . Such a small black hole with low accretion rates might represent a class of "seed" black hole in the galactic center. They could be unabsorbed non-HBLR S2sA predicted in Table 1 . Obviously it is worth studying further. Except for the two galaxies, the mean value of the black hole mass M BH = 10 7.8 M ⊙ . The peak mass is obviously larger than that in absorbed non-HBLR S2s, HBLR S2s, NLS1s, BLS1s as shown in Figure  3 . This provides striking evidence for the black hole evolution from low to high mass in Seyfert galaxies. The growth of the black holes from NLS1s to unabsorbed Seyfert 2 galaxies is M
Black Hole Mass
∼ 100. If the accreting mass is from the dusty torus, it requires that the torus should be of 10 8 M ⊙ . We lack the estimation of the torus mass in Seyfert galaxies, but it could be in the range of PG quasars (Haas et al. 2002) . The torus mass is enough to fueling the black holes in Seyfert galaxies. Figure 10 gives the distribution of bulge magnitudes in unabsorbed Seyfert 2 galaxies. The mean bulge magnitudes are M Bulge = −18.66 and M Bulge = −18.73 for the unabsorbed HBLR S2s and non-HBLR S2s, respectively. Comparing Fig.  4 and 10, we find that unabsorbed Seyfert 2 galaxies have much broad distribution of bulge luminosities, with faint and bright bulge tails. The faint tail means that there is a group of unabsorbed Seyfert 2 galaxies which have less massive black holes. The low absorption in X-rays in these Seyfert galaxies means that the gas-to-dust ratio is low, indicating a dust-rich region. They may have undergone an intensive star formation process. We thus expect such a kind of objects is unabsorbed non-HBLR S2sB listed in Table 1 . The bright tail indicates that the black holes are quite massive and have low Eddington ratios (see below section). They could be "true" Seyfert 2 galaxies with accretion rates below the critical value, reaching the final stage of Seyfert galaxies. We note that there is another potential explanation. More massive black holes with lower accretion rates is still visible, but the less massive black holes will drop out if they have lower accretion rates. So the luminosity-limit selection may ignore the less massive black holes with lower Eddington ratios. However, the present sample with objects brighter than L 12µ > 10 42 erg s −1 shows the only evolutionary way from low to high mass. (Fig. 4 in ZW06) , we find that the distributions of bulge luminosities in NLS1s, BLS1s, HBLR and non-HBLR S2s are very similar. This agrees with results of Hubble telescope that NLS1s hosts are similar to BLS1s , but NLS1s have a bar more often than BLS1s.
Accretion rate distribution
Since the limitation of spectropolarimetric observations, only a few (only seven) of objects have been observed in the polarized light. We distinguished them via the Eddington ratios, but it is still interesting to display how the Eddington ratios distribute? We still use the relation L Bol ≈ 3500L 5100 for unabsorbed Seyfert 2 galaxies. There are some cases that the bolometric luminosity estimated from [O III] is very different from L 2−10keV . When it happens, we use L Bol = 30L 2−10keV to estimate the Eddington ratio since we use Nicastro's criteria (based on X-ray continuum). It is not clear the covering factor of the NLR in unabsorbed Seyfert 2s (regarding [O III] emission), most likely it is smaller than normal Seyferts. This gives an upper limit of the bolometric luminosities and the Eddington ratios. The seven objects with spectropolarimetric observations are F01475-0740, NGC 2992, NGC 5995, NGC 3660, NGC 4501, NGC5929 and NGC 7590. The first three objects are X-ray unabsorbed HBLR S2s, which have the mean value of L Bol /L Edd ≈ 0.28. The last four objects are X-ray unabsorbed non-HBLR S2s. We find that they have Eddington ratios, L Bol /L Edd ≈ 0.03, which is much lower than that in the X-ray unabsorbed HBLR S2s. The Eddington ratio is shown in Figure 11 . It is clear that most of the black holes have very sub-Eddington ratio (< 10 −2 ) in unabsorbed non-HBLR S2s, peaking at E ∼ 10 −3 . This directly implies that the optically thin advection-dominated accretion flows (ADAF) are powering these unabsorbed Seyfert 2 galaxies 4 . The fraction of the unabsorbed Seyfert 2 galaxies to total Seyfert 2s may be in a range of 10% − 30%, which could constitute of a special group of AGNs (PB02). In our sample the fraction of unabsorbed non-HBLR Seyfert 2s is R F = 7% to total Seyfert galaxies. They could undergo a phase that the clouds in the broad line region are fading away following decreases of accretion rates. Their fraction thus provide an estimation of the lifetime of unabsorbed Seyfert 2 galaxies though their nature is not sufficiently understood.
We have to stress that we classify the unabsorbed Seyfert 2 galaxies according to the Nicastro's criterion since only small fraction of the unabsorbed Seyfert 2 galaxies have spectropolarization observation. Fig. 11 shows the Eddington ratio distribution, but is artificial according to their classification. On the other hand the estimation of the black hole mass in these Seyfert 2 galaxies is based on different methods. This may lead to random scatters in the black hole mass distribution, which is very hard to evaluate. Table 6 shows that the appearance frequencies of unabsorbed HBLR S2s are much lower than unabsorbed A non-HBLR S2s (6:20) . This implies that unabsorbed HBLR S2s are short-lived since the intensive star formation exhausts gas. They are thus characterized by low gas-to-dust ratios. After a very short period of the unabsorbed HBLR phase, they will finally evolve into "true" Seyfert 2 galaxies, which have too low Eddington ratios to have broad line region (Nicastro et al. 2003; Laor 2003) . In this section, we show complex distributions of black hole masses in X-ray unabsorbed S2s and find that those objects with spectropolarimetric observations are in low accretion states. These are only preliminary results since the number of the sample is limited. Future work on this issue is needed.
NUCLEAR STARBURST IN SEYFERT 2S
As argued by Maiolino et al. (2001a,b) , Boller et al. (2003) and Gallo et al. (2006) , the gas-to-dust ratio inside the torus plays an important role in observational appearance of a Seyfert 2 galaxy. The composition of the torus is controlled by its star formation history. To test the roles of the gas-to-dust ratio, we should investigate the star formation rates and the hydrogen column density estimated from X-ray observations. It has been found that the star formation rates in Seyfert 1s are identical to that in Seyfert 2s galaxies from IRTF 3m telescope (Imanishi & Wada 2004 ) based on the 3.3µ features of polycyclic aromatic hydrocarbon (PAH). Here we focus on Seyfert 2 galaxies since the column density N H roughly represents the gas column density.
FIG. 12.-The plot of the 3.3µ PAH luminosity and hydrogen column density. The open circles are unabsorbed Seyfert 2 galaxies, the solid circles the absorbed HBLR S2s in our sample and the stars the absorbed non-HBLR S2s in ZW06 [the 3.3PAH luminosities are taken from Imanishi & Wada (2004) ]. The unabsorbed Seyfert 2s are those whose hydrogen column density is below 10 22 cm −2 . Imanishi (2002 Imanishi ( , 2003 showed that 3.3µm PAH emission can represent the star formation rates in nuclear region. Figure 12 shows a plot of the 3.3µm luminosity with the hydrogen column density obtained from X-ray observations. For those Seyfert 2 galaxies with low N H (< 10 22 cm −2 ), there is a clear trend 5 that the higher the N H the higher the 3.3µ PAH luminosity. The PAH luminosity corresponds to IR luminosity ∼ 10 42∼43 erg s −1 (Imanishi 2002) , implying a star formation rate ∼ 0.5M ⊙ yr −1 around the central region of a few 100 pc (eq. 4 in Kennicutt 1998). The intensive star formation implies a dustrich nuclear region. However the PAH luminosity tends to be a constant with N H increases. On the one hand, we have to note that the PAH grains may be destroyed through sublimation by the strong radiation from the central engine (Voit 1992) , showing a saturated PAH luminosity. We thus may underestimate the star formation rates. On the other hand, the suppression of star formation in the nuclear region could be caused by the activity of the black holes like in elliptical galaxies (Schawinski et al. 2006) . The higher the column density N H , the higher number densities of the molecular clouds inside the torus and as well as the frequencies of collisions among the clouds. The gas escaping from the collisions is losing their angular momentum and fueling to the black holes. The higher N H will enhance the accretion rates of the black holes. It is thus expected to have more strong feedback to the nuclear star formation region in a higher N H objects. We show an argument for the presence of strong feedback in Seyfert 2 galaxies in §7.2. However it is hard for us to draw a profound conclusion based on the present sample on the feedback to star formation in the nuclear region. Future study on this subject will help understand physics of star formation in this region. We do not find any distinction between HBLR S2s and non-HBLR S2s, this confirms the conclusion of Cid Fernandes et al. (2004) , who did not find the difference of star formation rates in absorbed HBLR S2s and non-HBLR S2s (see Fig. 12 ). This implies that only X-ray absorption is affected by the star formation history. Additionally if the black holes are fueled from the torus (Krolik & Begelman 1988) , the star formation rates will decrease when the gas is exhausted, showing a low 3.3µ luminosity.
To further study the physics of Fig. 12 , we define a parameter
The parameter q reflects the gas-to-dust ratio inside the torus.
where L IR is IR luminosity and Σ SFR is the surface density of the star formation rates, we have q ∝ log Σ SFR /N H ∝ log ρ dust /ρ gas ∝ log Q, where we define Q = ρ gas /ρ dust (see §7.2). The gas-to-dust ratio is then shown by the parameter q. Figure 13 shows the distribution of q parameter in (23) Seyfert 2 galaxies with PAH observations. First, the parameter q has a wide distribution, likely tends to have a potential bimodal distribution though the current data does not allow us to have a robust conclusion. The q−distribution peaks at 16 and 18. Second, it is clear that the low−N H objects tend to have larger q. Since the boundary (N H = 10 22 cm −2 ) to distinct the absorbed and unabsorbed Seyfert 2 galaxies is artificial, it could be plausible that this bimodal distribution corresponds to a physical separation of the absorbed and unabsorbed Seyfert 2 galaxies. More data are needed to confirm the potential bimodal distribution. This also provides evidence for the nature difference between the two kinds of Seyfert 2 galaxies.
FIG. 13.-The distributions of the parameter q in unabsorbed and absorbed Seyfert 2 galaxies. The solid line represents the absorbed Seyfert 2 galaxies and dotted line unabsorbed Seyfert 2s. We find the parameter q in absorbed Seyfert 2s are very different from in unabsorbed Seyfert 2 galaxies. The results show that unabsorbed Seyfert 2 galaxies have dust-rich nuclear region compared with absorbed Seyfert 2 galaxies. The arrows in the plot only show the objects with the upper limits of PAH luminosities. We do not include the N H upper limits.
There are several possibilities to explain the low absorption in optically-defined Seyfert 2 galaxies (Boller et al. 2003) . A faint broad line region is suggested for an individual 1ES 1927+654, however we are not able to distinguish it from dustrich model. The present data show that the gas-dust ratio Q is very different in absorbed and unabsorbed Seyfert 2s though the present sample is limited. The ratio Q is much less than that in absorbed Seyfert 2s, namely unabsorbed Seyfert 2 galaxies are dust-rich compared with absorbed Seyfert 2 galaxies. We draw such conclusion with caution because of the sample is limited, however this confirms the dust-rich effects (Maiolino et al. 2001 ) and the hypothesis that unabsorbed Seyfert 2s have intrinsically dust-rich nuclear region.
We note that the present sample is not large and some are upper limit sources of PAH flux. Future test of the proposed scenario will be very important via a large sample of PAH observations by Spitzer. We have to stress that the dust inside the torus, at least some of them, not only is produced by star formation, but also may be brought from outside of the nuclear region. It is worth studying the relation between the star formation history and hydrogen density inside the torus. This could be very helpful to uncover the relation between the fuel supplying and star formation in Seyfert evolution.
THE EVOLVING CENTRAL ENGINES
It is a popular opinion that galaxy interactions drive gas toward the galactic center, and then the gas, piled up enough, not only feeds the black hole but also triggers a starburst. Figure 1 outlines a possible evolution sequence, but we do not mean that every BLS1s must pass through the stage of NLS1s. There is evidence for that stellar bars are more common in NLS1s than BLS1s and NLS1s indeed host less massive galaxies , but see a contrary conclusion from Botte et al. 2005) . This means that not all BLS1s originate from NLS1s, however, NLS1s are growing due to accretion and will inevitably undergo the phase of broad line Seyfert galaxies. Here we focus on the case of evolution from NLS1s to the final stage.
Statistic properties of Seyfert galaxies
We give a brief summary of Seyfert galaxies. Table 8 lists the black hole masses and Eddington ratios of Seyfert galaxies. Fig. 14 shows the plot of the combinations of the black hole mass distributions in all kinds of Seyfert galaxies discussed in the present paper and ZW06. It is very interesting to find that the black hole masses in NLS1s are systematically smaller than in BLS1s as well in non-HBLR S2s and BLS1s, namely,
where a-n-HBLR S2 is absorbed non-HBLR S2s and u-n-HBLR S2 is unabsorbed non-HBLR S2. Figure 15 shows that the Eddington ratio distributions of the entire sample. We find a queue 6 E {NLS1,a−n−HBLRS2} → E {BLS1,HBLRS2} → E {u−n−HBLRS2} ,
showing a decreasing trend. These are evidence for evolutionary connection in Figure 1 . With the evolution of the black holes, we are able to tackle: 1) the changing opening angle of the torus; 2) the lifetimes determining the relative numbers of the Seyfert galaxies. This will give global description of Seyfert evolution.
FIG. 15.-The plot of the Eddington ratios in all kinds of Seyfert galaxies. We find that there is a sequence of the Eddington ratios among Seyfert galaxies with the same orientations.
The present sample has good completeness and homogeneity like 12µm sample as shown in Table 6 , which gives the relative numbers of the five kinds of Seyfert galaxies. As we argued in previous sections, the diversity of Seyfert galaxies makes the relative numbers inconsistent among different band surveys, but only within a few percent, at maximum 10%. Except for NLS1s, the deep survey of the Lockman Hole with the XMMNewton show nearly 30% of type II Seyfert galaxies have low absorption with N H < 10 22 cm −2 (Mainieri et al. 2002) , however the 12µm, Tran (2003) and the present samples give about ∼ 10%. We add each kind objects from the three samples and then get the mean fraction by dividing the total numbers of the three samples so as to avoid the incompleteness and inhomogeneities as we can. We will only use the mean fractions in the following sections.
Unified model with evolution
The relative numbers of Seyfert 2 galaxies could provide the opening angle of the dusty torus (Osterbrock & Shaw 1988; Salzer 1989; Huchra & Burg 1992; Wilson & Tsvetanov 1994; Maiolino & Rieke 1995; Schmitt & Kinney 2000; Tovmassian 2001 ). These previous studies on the ratio do not distinguish the differences between HBLR S2s and non-HBLR S2s, whose central engines are intrinsically different. The opening angles are estimated incorrectly in the previous studies. The present sample allows us to calculate the opening angles for two pairs of (BLS1s and HBLR S2s) and (NLS1s and non-HBLR S2s), which are different only purely for orientations. Assuming a constant geometry of the dusty tori for each subclasses, we have the opening angle
and cos
for (NLS1s, non-HBLR S2s) and (BLS1s, HBLR S2s), respectively. The subscripts N and B refer to the narrow/broad line Seyfert galaxies. If we establish an homogeneous sample consisting of four kinds of Seyfert galaxies, we then have opening angles Θ N and Θ B of the dusty tori, respectively, and get some indications of the torus evolution along with the growth of the black holes. We take the data from Table 6 . NLS1s occupy 14% of the total Seyfert galaxies and absorbed non-HBLR S2s 20%, we have cos Θ N /2 = 0.59 ± 0.10, where the uncertainty is obtained by assuming ∼ 5% uncertainties of each sub-classes. For broad line Seyfert galaxies, the fraction of HBLS2s is of 18% and BLS1s 38% from Table 6 , we have cos Θ B /2 = 0.32 ± 0.09. Finally we have the opening angles
for NLS1 and BLS1s, respectively. Θ B is obviously different from the previous results (e.g. Osterbrock & Shaw 1988; Tovmassian 2001) since these authors did not distinguish HBLR S2s and non-HBLR S2s. We find Θ N < Θ B at a level > 3σ. We address here the significant differences between the narrow and broad line Seyfert galaxies 7 . This result provides one piece of new evidence for the evolving torus: the material from torus is supplying to the central black hole and then getting the covering factor decreased as originally suggested by Krolik & FIG. 16.-A carton shows the evolving opening angle along with growth of black holes. This carton only shows upper section of the torus in Seyfert galaxies. We find that the opening angle of the torus is increasing with growth of the black hole from the present sample. The torus here is referred to the compact region, rather than the extended region, where the star formation dominated (Imanish & Wada 2004 ). Begelman (1988) . Considering accretion rates in NLS1s and absorbed non-HBLR S2s are systematically higher than that in BLS1s and HBLR S2s, we could draw a conclusion that NLS1s and the non-HBLR S2s are young AGNs. This agrees with the conclusions from radio emission (Komossa et al. 2006 ). The opening angles of torus in NLS1s and absorbed non-HBLR S2s are decreasing with the growth of the black hole due to accretion from the dusty torus.
Accretion: growth of black holes
However only supplement of the receding opening angle of the torus to the standard unification scheme is not enough. Accretion onto the black holes significantly increases their masses (Kawaguchi et al. 2004) . The evolutionary unification scheme should be studied so that we can reveal the history of black hole growth due to accretion. This may allow us to set up the evolutionary sequences of the activities. Mathur (2001) found that the mean black hole to bulge mass ratio of NLS1s is significantly smaller than that for normal Seyfert galaxies. The ratio of black hole mass to bulge velocity dispersion is also significantly smaller for NLS1s. This supports the conjecture that the NLS1s are young AGNs. The black hole would grow with higher accretion rates in the early stage and eventually the accretion rates and the growth would slow down. BLS1s are probably evolutionary consequence of NLS1s as they have more massive black holes and similarly, non-HBLR S2 may grow up to HBLS2s with the assumption that the orientation of the torus dose not change during evolution.
We define the relative numbers of
which will give the lifetime of NLS1s/non-HBLR S2s. If the evolutionary chains are parallel: non-HBLS2s→HBLRS2s and NLS1s→BLRS1s, there then is a single relation R N = R B . With data from Table 6 , we have R N = 0.37 and R B = 1.0. This suggests that the opening angle will not keep a constant during the growth evolution, confirming evolution of the opening angles. Equation (11) shows that the opening angle is evolving with growth of black holes, and there should appear across evolution: non-HBLS2s→BLS1s, but have not NLS1s→HBLRS2s. The present R N < R B also indicates such a cross evolution. Since the torus geometry is indeed complicate, such a hybrid evolution could not be avoided. Considering such a complicate situation, we define a new parameter
which allows us to determine the relative number of the two groups of narrow and broad line Seyfert galaxies and describes the evolutionary sequence as the first approximation. From Table 6, we have R 0 = 0.58, implying that about 37% Seyfert galaxies stay the narrow line stage.
Assuming an exponential growth of the black holes, we have their masses at time t
where M 0 BH is its initial mass, the Salpeter time
2 , L Edd is the Eddington limit and η is the radiative efficiency. If NLS1s/non-HBLR S2s are evolving into BLS1/HBLR S2s, the lifetimes of NLS1/non-HBLR S2s are then given by 
The present sample provides t B = 1.2 × 10 8 yr for the broad line Seyfert 1 galaxies. Finally the lifetime of the unabsorbed non-HBLR Seyfert 2 galaxies can be determined by their relative numbers R F to BLS1s/HBLR S2s, we have
we have t F = 8.0 × 10 6 yr. Such a short timescale implies that unabsorbed non-HBLR S2s are rare objects in the universe 8 . After this time, the Seyfert 2 galaxies evolve into low luminous AGNs (of course, most of the unabsorbed Seyfert 2 galaxies are low luminous AGNs). This is consistent with the result from X-ray background constraints that AGNs have very short ADAF phase, appearing as low luminosity AGNs (Cao 2005) . Indeed there is evidence for dust-free in low luminosity AGNs (LLAGNs), powered by ADAF or RIAF (radiative inefficient accretion flow), which have quite "clean" environment in the nuclear region. The unabsorbed non-HBLR S2s stay there as long as the galaxies can not be triggered through galaxy interaction or tidal disruption by the black holes. FIG . 17.-The plot of the accretion rate evolution sequence in Seyfert galaxies. Opt. NLS1s: optically-selected NLS1s; SXS NLS1s: soft X-ray selected NLS1s. The three critical time intervals t N , t B and t F are estimated from the relative number of the objects (see text for details). The plot is not scaled in time.
Regarding the nature of the unabsorbed S2sB (see Table 1 ), it is hard to find a robust reason why they have much lower [O III] luminosities compared with other Seyfert galaxies if they are caused by the obscuration of the dusty torus. The diminishing torus becomes so thin that it becomes transparent to the BLR emission lines. However the clouds in the previous BLR are disappearing according to R BLR − L relation (Kaspi et al. 2005) , but the dust grains maybe extinct the broad emission lines since the evaporation radius is also shrinking (Laor & Draine 1993) . At the same time the narrow line region is contracting according to R NLR − L relation , the clouds surviving still in NLR will emit significantly broader [O III] than BLS1s. However the comparison is not straightforward since the outflow in the BLS1s and HBLR S2s strongly influences the width of the [O III] profile whereas the weak/absent outflow from the unabsorbed non-HBLR S2sB less affects [O III] width. We prefer a scenario that the unabsorbed non-HBLR S2sB are dying Seyfert galaxies and will finally evolve into LLAGNs.
Finally we have to point out that the relative number R F of the X-ray unabsorbed non-HBLR S2s could be flexible because of the uncertain completeness of the very low luminosity AGNs (fainter than L 12µ = 10 42 erg s −1 ) compared with Hao et al.'s sample. Unfortunately, the sample is totally unknown only the [O III] luminosity function. The very low luminosity could be caused either by low accretion rates or by less massive low black holes. Future work on this sample should be done for its multiwave continuum and emission line properties and will enhance the global evolution of Seyfert galaxies.
7. DISCUSSIONS
Seyfert evolution
We argue there are four parameters controlling the appearance of AGNs in the unification scheme of Seyfert galaxies: 1) orientation and opening angle of the torus; 2) black hole mass; 3) accretion rates; 4) gas-to-dust ratio in the torus. According to the present data, we are suggesting a possible evolutionary sequence as shown in Fig 17. As we have shown that the black hole masses in NLS1s are the minimum, the evolution of Seyfert galaxies should start from them. Additionally the Eddington ratios in opticallyselected NLS1s are less than soft X-ray selected NLS1s. We think the optically-selected NLS1s are the starting point and then is soft X-ray selected NLS1s according to their Eddington ratios. The black hole masses are smaller and as well as the accretion rates since it is just triggered. The Williams' sample is not included in the present sample since most of their redshifts are larger than 0.05. X-ray observations show they have a flat soft X-ray spectrum (Williams et al. 2004) , their masses are at the same order of soft X-ray selected NLS1s based on the empirical reverberation relation and the Eddington ratios are of ∼ 0.5 (Williams et al. 2004 ). Additionally, radio-loud narrow line Seyfert 1 galaxies are rather rare (Greene & Ho 2005; Komossa et al. 2006) . One possible reason for this is the presence of slowly spinning black holes in NLS1s since they could be just in the fast growing phase (Komossa et al. 2006) . The accretion significantly increases their black hole masses then. The total mass of the dusty torus is poorly known, but should be larger enough for fueling the black holes. Since the viral timescale of the clouds in the BLR is quite short compared with that of the black hole growth, the width of the Balmer lines will follow the potential of the growing black holes. The Balmer emission lines will become much broader along with the growth of the black holes. The strong radiation field will bloat evaporate the dust to form the inner edge of the torus, the electron scattering mirror will formed likely in this way (extensive discussions on the mirror is beyond the scope of the present paper). The obscured broad lines will be scattered off to observers in the polarized light as seen in the classical Seyfert 2 galaxies.
With the growth of the central black holes, the dusty torus will be finally exhausted (Krolik & Begelman 1988) . The galaxies will finally evolve into the realm of unabsorbed non-HBLR S2sB, which show less absorptions in soft X-ray band. This is evidenced by the fact that their black hole masses are the maximum and the Eddington ratios are the smallest among the Seyfert galaxies. It is expected that advection-dominated accretion flows are powering the nuclei, in which the radio-loudness may be in radio-loud domains as suggested by Ho (2002) . It is then expected that they could be radio-loud according to the radio-loudness. Future studies on their radio properties will be carried out.
On gas-to-dust ratio in Seyfert 2s
Figure 13 implies that the gas-to-dust ratios are different between the absorbed and unabsorbed Seyfert 2 galaxies. According to the simple model of dust grain, Gorenstein (1975) derived a relation [his eq. (4)]
where N 22 = N/10 22 cm −2 , A v is the extinction coefficient, ρ gas and ρ dust are the densities of the gas and dust grains. We call the ratio Q the gas-to-dust ratio of the torus. For typical optically-defined Seyfert 2 galaxies, A ν = 2 − 5, we have Q c = (0.9 − 1.0) × 10 3 N 22 for A ν = 3 − 4. For Q > Q c , an opticallydefined Seyfert 2 appears as an absorbed Seyfert 2, otherwise as an unabsorbed Seyfert 2 galaxy. Applying Schmidt's law Σ SFR = 2.5 × 10 −4 Σ 1.4
gas (Kennicutt 1998) , we can get the dust mass M dust = πR 2 Σ SFR tξ, where t is the duration time of star burst, ξ is the percentage of the star converted into dust. The gas surface density can be obtained from Σ gas = 75N 22 M ⊙ /pc 2 , we then have
where Σ SFR and Σ gas are the surface densities of the star formation rates and gas in unit of M ⊙ yr −1 kpc −2 and M ⊙ pc −2 , respectively, t 8 = t/10 8 yr, ξ −2 = ξ/10 −2 (Sugerman et al. 2006) . We find that both absorbed and unabsorbed Seyfert 2s have Q < Q c from equation (19), namely the nuclear region is gas poor. This result agrees with X-ray observations of unabsorbed Seyfert 2s, however it directly conflicts with the strong absorption in absorbed Seyfert 2s. The only way to solve this problem is that the Schmidt's law is broken in absorbed Seyfert 2 galaxies, in which the law predicts too much dust than observations. Why is the law broken in the nuclear region? We think that the only cause is the activity in the nuclear region of Seyfert galaxies. The strong feedback from the activity of the black holes efficiently suppresses the star formation in the nuclear region so as to decrease the amount of dust. This simple argument shows the presence of feedback if the gas-to-dust ratio determines the X-ray appearance of an optically-defined Seyfert 2 galaxies.
There are plenty of feedback mechanisms operating in the nuclear region of Seyfert galaxies. The mainly efficient feedback processes are Compton heating ) and dissipation of the outflow's kinetic energy (Begelman 2004) . The very strong nuclear outflows are indicated by the complicate profile of C IV emission lines in NLS1s (Leighly 2000) and BLS1s . The kinetic luminosity is of 10 40−42 erg s −1 inferred from X-ray warm absorber in Seyfert galaxies (Blustin et al. 2005) , which is enough to have strong feedback to their galaxies, at least the nuclear region within the lifetime of NLS1s and BLS1s. The growth of the black holes will be indeed very important. The outflow from the center will finally strongly influence their hosts and keep the co-evolution (Silk & Rees 1998 , King 2004 ). However there is increasing evidence for a delayed suppression of the star formation (Rafferty et al. 2006). More sophisticated observations are needed for future test of the coevolution.
As we show the gas-to-dust ratios in Seyfert 2 galaxies may be different from each other. Future identification of low−Q unabsorbed Seyfert 2 galaxies by polarization will be interesting to fill all members in the Seyfert family. Also a cross identification of ROSAT with SDSS type II AGN will be interesting since this will provide a large sample of the unabsorbed type II AGNs. Such a large sample will shed light of the nature of the unabsorbed type II AGNs, such as the evolving opening angle of the torus, the star formation history and the feedback processes.
Finally we have to point out a possible kind of Seyfert 2 galaxies in Figure 1 . For low Q Seyfert 2s, there is a possibility that the black hole mass is less massive (∼ 10 6 M ⊙ like NLS1s) and have no polarized BLR region. Such a kind of Seyfert 2 galaxies is characterized by: 1) it has no broad Balmer emission lines, but has "narrower" broad line region like absorbed HBLR S2s; 2) hydrogen column density is low, so soft X-ray are relatively bright; 3) it has no polarized broad lines. The objects are evolving into high−Q Seyfert 2s as shown in Fig 1. Such an object may be formed in very strong interaction between galaxies, the star burst is so intensive that the dust is produced in a short timescale compared with its age and thus has a very dust-rich nuclear region. However we stress here this is only an imagination. Future observations are expected to find such a kind of objects.
CONCLUSIONS
We have systematically studied the distributions of the black holes masses and accretion rates in NLS1s, BLS1s, absorbed non-HBLR S2s, HBLR S2s and unabsorbed Seyfert 2s. We find a sequence of the black hole masses from small to large: NLS1/absorbed non-HBLR S2s → BLS1s/HBLR S2s → unabsorbed Seyfert 2 galaxies. A queue of the Eddington ratios from large to small is also found: NLS1/absorbed non-HBLR S2s → BLS1s/HBLR S2s → unabsorbed non-BLR Seyfert 2s. The two queues imply an evolutionary sequence of Seyfert galaxy nuclei due to accretion. We also find that the opening angle of the torus is evolving with the growth of the black holes. Feedback from the black hole activities is evidenced from the deficiency of dust in absorbed Seyfert 2 galaxies compared with the prediction of Schmidt's law. We obtain the lifetimes of NLS1s and BLS1s from the sample according to their appearance frequencies. The orientation-based unification should be improved by including other four parameters: black hole mass, accretion rates, changing opening angle, and gas-dust ratio (Q) in order to unify all kinds of Seyfert galaxies.
There are many things to be examined in future investigations. Future spectropolarmetric observations are necessary to test the existence of HBLR in unabsorbed Seyfert 2 galaxies (they are too limited in the present sample). Second the radio properties of the unabsorbed Seyfert 2 galaxies will further enhance the current understanding of their nature. Particularly the radio-loudness will discover their Eddington ratio according to an anti-correlation between the radio-loudness and the Eddington ratio . Third spectropolarimetric observations of soft X-ray-selected unabsorbed Seyfert 2 galaxies are needed in order to test whether they contain hidden broad line regions. This may enhance the present classification of unabsorbed Seyfert 2 galaxies. It is urgent to issue the formation of the reflecting mirror in Seyfert 2s for a more detailed evolutionary sequence. Theoretical work on the polarization due to various kinds of dust grains in different geometry will probe the gas-to-dust ratio and unambiguously reveal the nature of the dusty torus in Seyfert 2 galaxies (Onaka 1995 , Wolf, et al. 2002 . Fourth, the black hole masses in NLS1s are still a matter of debate (Ryan et al. 2006) . Some NLS1s have larger black hole masses. This may be either incorrectly estimated or those objects are not real narrow line objects. It is very important for future work to assemble "pure" NLS1s is very important to estimate their mass via methods independent to reverberation mapping or empirical relation to test the proposed evolutionary scenario. Finally, the roles of very low luminosity AGNs from Hao et al. sample in the unification scheme is poorly understood. Extension to this sample will extend and enhance the results in this paper.
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